Transforming growth factor-beta and retinoic acid modulate phenotypic transformation of normal rat kidney cells induced by epidermal growth factor and platelet-derived growth factor.
In this study we have investigated the ability of epidermal growth factor (EGF), platelet-derived growth factor (PDGF), and transforming growth factor-beta (TGF beta) together with retinoic acid (RA) at saturating concentrations to induce phenotypic transformation of normal rat kidney (NRK) cells in a growth factor-defined medium. This medium contains serum in which all growth factor activity has been chemically inactivated, thereby eliminating the effects of growth factors from serum in the assay. It is shown that neither TGF eta nor a ligand binding to the EGF receptor is essential for phenotypic transformation of NRK cells, since anchorage-independent growth is also induced by EGF in combination with RA and by PDGF in combination with RA and TGF beta. Our data indicate strong similarities between TGF beta and RA in their ability to act as modulators for phenotypic transformation. In addition, both agents enhance the number of EGF receptors in NRK cells, without affecting the number of PDGF receptors. On the other hand, TGF beta has mitogenic effects on a number of non-transformed cell lines, such as Swiss 3T3 fibroblasts, particularly when assayed in the absence of insulin, whereas RA is mitogenic for these cells only in the presence of insulin. These data demonstrate that phenotypic transformation of NRK cells requires specific combinations of polypeptide growth factors and modulating agents, but that this process can be induced under many more conditions than previously described. Moreover, our data point toward both parallels and differences in the activities of TGF beta and RA.